Thermo-optical properties of hydrogenated amorphous carbon nitride layers (a-C:N:H) deposited on crystalline silicon by plasma assisted chemical vapour deposition were studied. The layers were characterized by the Fourier transform infrared spectroscopy and their chemical composition, i.e.
Introduction
A research in technology and characterisation of amorphous carbon nitride layers has been provoked by a worldwide interest to synthesise extremely hard stoichiometric crystalline β-C 3 N 4 . According to theoretical predictions such crystals should have elastic modulus and hardness higher than diamond [1] .
Despite much research, the β-C The utility parameters of carbon nitride layers depend on their chemical composition, i.e. C, N and possibly H content, and atomic structure. In most works, a fraction of carbon in various hybridisation, C-sp 2 or C-sp 3 phase, is considered as a main structure parameter which has a crucial impact on the layer properties. It depends on the nitrogen content and can be various in the layers obtained by various technologies or just at various conditions using the same method. The structure of the layer with predominant C-sp 2 fraction can be imagined as a network of crosslinking graphite-like clusters.
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The properties of such layers dier from the properties of the layers in which C-sp 3 fraction dominates.
Depending on the atomic structure and the ratio of 
2. Determination of thermo-optical parameters
The dispersion dependences of optical constants of layers and coatings can be measured by spectroscopic ellipsometry. In the method, two angles, Ψ and ∆, are measured at various wavelengths [10] . The angle Ψ is given by the ratio of the squares of complex Fresnel coecients, r p and r s , for p and s polarizations
(1)
∆ is a phase shift between the polarized waves r p /r s = exp(i∆) tan Ψ .
When Ψ and ∆ are known then the refractive index n, extinction coecient k, and roughness σ of the layer can be calculated.
An amorphous layer can be described by the extended Cauchy model, within which dispersion relations are formulated.
For slightly absorbing layer, the indices n and k are [11] :
where A, B, C and η are constants, and k and E bandedge are matched parameters which describe Urbach absorption tail [12] .
Thermo-optical coecients (TOC), dn/dT and dk/dT , determine temperature dispersion of refractive index and extinction coecient.
According to Prod'homme theory [13, 14] , dn/dT depends on two factors. One is a volume expansion coe-
, and the other is an electronic polariz-
where f (n) is given by
If the polarizability term in (5) is dominant, then the refractive index increases with the temperature and dn dT is positive. TOC is negative when the thermal expansion term is prevailing.
3. Experiment
Sample preparation
The a-C:N:H layers were deposited by RF PACVD method in which plasma is generated by 13.56 MHz eld (radio frequency RF). In this method, the deposition occurs as a byproduct of chemical reactions initiated by neutral collisions with the non-equilibrium energetic electrons produced by RF plasma, instead of thermal energy.
The deposition precursors in such case are produced at much lower temperatures than in classical thermal CVD.
The layers used in the present studies were deposited on crystalline silicon wafers c-Si (001) at the process carried out without heating.
Silicon was chosen as a substrate due to its sharp optical dierences on a lm-substrate interface. The processing temperature was 45 • C. Before starting the process, the silicon wafers were washed with acetone and isopropyl alcohol. Directly before layer deposition the substrates were subjected to 10 min etching in argon plasma. The other processing parameters are specied in Table. 
Optical and thermo-optical properties
The spectra of Ψ and ∆ ellipsometric angles were recorded in the range 200 ÷ 1700 nm by M-2000 ellipsometer (Woollam Co.).
The measurements were repeated for three angles of incidence: 60
• , 65
• and 70
• .
The data were analyzed using CompleteEASE 5.0 software. The dispersion curves of Ψ , ∆ measured at 25 The observed change of the bandgap can be due to partial graphitization of the layer structure. According to [9] such narrowing of the band gap involves increase of the sp 2 -phase fraction from about 0.2 to 0.5 ÷ 0.7.
The graphitization can be accompanied by gradual hydrogen release.
Summary
The obtained results are very important for technology and application of a-C:N:H layers. The sharp decrease of the layer thickness observed for the sample heated 
